This paper describes a study on the vulnerability of farmers and fishermen to climate change and the conflict arises between farmers and herdsmen, in Nigeria. A random sampling survey was carried out in some selected rural communities where 200 farmers and fishermen were interviewed and discussions with community focus groups to ascertain the level of their understanding of climate change issues. The study observed that the majority of the farmers had a good understanding of the changes in the climate through their personal observation, intervention of some research institutes and discussion in various cooperative society meetings. However, climate change has greatly impacted crop production with more than 50% reduction in produce, but not very much change has occurred to fish production. This study further noted that the respondents are faced with increased variations in rainfall and temperature patterns and are yet to have good adaptive measures to the current and expected changes. This paper has recommended the use of agroforestry programme, or tree cropping system, which is a potential strategy to help farmers reduce their vulnerability to climate-related hazards and sustainable fish farming to minimising the vulnerability of fishermen to climate disasters.
Introduction
There is increasing evidence that climate change is occurring. Leal Filho (2009) observed that, last ten years have shown a particularly intense increase in the degree of emphasis to climate issues as a whole and the level of attention pay to climate change in particular. According to the Intergovernmental Panel on Climate Change (IPCC, 2007a) fourth assessment report that, there is "very high confidence that the global average net effect of human activities since 1750 has been one of warming". Climate change has developed into an issue of widespread and major concern where efforts for mitigation and adaptation to changing conditions have been strongly recommended by the IPCC (2007b) and put high on the political agendas of major governmental bodies, e.g., the EU (Grundman, 2007) . Recent evidence and predictions indicate that climate changes are accelerating and will lead to wide-ranging shifts in climate variables (Al-Amin and Filho, 2011) . There will be changes in the mean and variance of rainfall and temperature, extreme weather events, variation in food and agriculture production and prices, water availability and access, nutrition and health status. The most adverse impacts are predicted in the developing world because of geographic exposure, reliance on climate sensitive sectors, low incomes, and weak adaptive capacity. Socio-economic impacts, though generally not well understood, are likely to be profound and will impact humans through a variety of direct and indirect pathways (IPCC, 2007b; Cline, 2007; Stern, 2006) .
With the understanding that local people, most especially those in developing countries are to be worst hit by the changes in climate, it becomes imperative to investigate their perception of the phenomenon and examine their adaptation strategies to the perceived changes.
From the British Columbian coast (Turner, 2009) to the Kalahari Desert to the English countryside (Lawrence, 2009) and to the Himalayan Mountains (Salick et al., 2006) local people are experiencing local changes in climatic conditions. Indigenous peoples are not only keen observers of climate changes but also actively trying to adapt to the changing conditions (Salick and Byg, 2007; Macchi et al., 2008) . In general, there appears to be a hierarchy of responses, whereby as conditions worsen, additional physical and biological responses are added and social and political relations become more important for providing resources for basic survival (Berkes et al., 2000) .
Furthermore, documenting local perceptions of climate change is also important from a policy point of view, since local perceptions reflect local concerns (Danielsen et al., 2005) and focus on the actual impacts of climate change on people's lives (Laidler, 2006) , which are dependent on local factors that cannot be estimated through models (van Aalst et al., 2008) . In addition, local knowledge and perceptions influence people's decisions both in deciding whether or not to act (Alessa et al., 2008) and what measures are taken over both short and long-terms (Berkes and Jolly, 2001) . Therefore, local observations and perceptions should be taken into account in efforts to understand climate change, its impacts, adaptation to it, and mitigation of it. Unfortunately, until recently, local knowledge of climate change and its impacts has largely been ignored by most climate change studies [with a few exceptions such as Vedwan and Rhodes (2001) , Krupnik and Jolly (2002) , and Couzin (2007) ].
Nigeria is one of the countries expected to be most affected by the impacts of climate change through sea level rise along her coastline, intensified desertification, erosion and flooding disasters and general land degradation (Medugu et al., 2010) . According to Medugu (2009) , Nigeria will lose close to $9 billion as a result of the catastrophe while, at least, 80%cent of the inhabitants of the Niger Delta region of the country will be displaced due to the low level of the oil-rich region (below sea level). Nigeria is highly vulnerable to the impacts of climate change and the country's fragile economy makes the local ability to respond difficult. Nigeria has a variety of ecosystems, from mangroves and rainforests on the Atlantic coast in the south to the savannah in the north bordering the Sahara. Whether dry or wet, those ecosystems are being battered by global warming. While excessive flooding during the past decade has hurt farming in coastal communities, desertification is ravaging the Sahel. Traditionally, desertification in the Sahel has been blamed on overgrazing practices of the local population, but it has been discovered that the real problem is climate change (Medugu et al., 2009) . Rainfall in the Sahel has been declining steadily since the 1960s and this has resulted in the loss of farmlands and conflicts between farmers and herdsmen over ever decreasing grass land. Many different communities, especially fish farmers, crop farmers and herdsmen, are now confronted with difficulties arising from climatic changes. Peoples' livelihoods are being harmed, and people who are already poor are becoming even more impoverished. Climate refugees are the result, as the changes make some land unlivable and affect water supplies.
The majority of the country's rural populace is employed in the agricultural sector which contributes about 5% to the Nigerian gross domestic product (GDP) (Zaku, 2009 ). The dominant role of agriculture in sustaining rural livelihoods makes it obvious that even minor climate deteriorations can cause devastating socio-economic consequences. This makes it imperative to assess the level of the country's vulnerability and readiness for adaptability to the climate change phenomena However, it will be nearly impossible for preparations to be made towards adapting to these changes if this phenomenon is not properly understood, especially from the angle of the most affected parties. Therefore, the purpose of this paper is to study the perception of farmers and fishermen on climate change and its effect on crop and fish production as well as their sustainability measures on a local scale.
The study area
Nigeria is located in West Africa and shares land borders with the Republic of Benin in the west, Chad and Cameroon in the east, and Niger in the north. Its coast lies on the Gulf of Guinea, a part of the Atlantic Ocean ( Figure 1 ). It has a total land area of 923,773 km 2 and 140 million populations and its people consist of over 200 ethnic groups, speaking about 395 languages and dialects (Medugu et al., 2008) .
Figure 1 Map of Africa showing Nigeria (see online version for colours)
Source: Nelson (2010) 
Impact of climate change on Nigeria
In Nigeria, agriculture is the main source of food, and a major source of industrial raw material. It employs close to 70% of Nigeria's population (Medugu et al., 2009) .
Agricultural practice in the country is predominantly rain-fed and therefore particularly vulnerable to the impacts of climate change. Nigeria's vulnerability will be in two ways; first, the resulting impacts of climate change and second, the impact of response measures.
A study projection by Awosika et al. (1992) in Nasiru (2009) suggests that Nigeria will experience massive 'environmental refugee' migration. For a 1 m rise in sea level, more than 3 million people are at risk, the estimated number of people that would be displaced ranges from 740,000 for a 0.2 m rise to 3.7 million for a 1 m rise and 10 million for a 2 m rise. Another study by Adesina and Adejuwom (1994) shows that biological productivity in Nigeria will decrease in the event of global warming; with an additional consequence of severe fuel-wood shortages. Nigeria's low-lying lagoonal coasts stand threatened by sea-level rise, particularly because most of its major and rapidly expanding cities are on the coast. In Africa and Nigeria, in particular, climate change impact poses great danger of desertification, damage to infrastructure, sea level rise, flooding and water salinity with serious implications to the well-being of the people. These impacts could manifest in food security challenges, damage to infrastructure and social dislocation. Additional impact is threat to health as rising temperature could bring about diseases like cerebral-spinal meningitis (CSM), malaria and other related illnesses.
Currently, 11 states in the northern part of the country are facing serious environmental degradation due to increasing desertification fuelled by climate change. The states are Adamawa, Borno, Bauchi, Gombe, Katsina, Jigawa, Kano, Kebbi, Sokoto, Yobe and Zamfara (Oluyole, 2012) . There is a growing concern about the menace of desertification in Nigeria as some reports indicated that the country had lost about 23% of its arable land to desertification thereby affecting its food security. Besides, unpredictable rain patterns among other factors have virtually turned the south eastern parts of the country into huge gully erosion sites. A report of an NGO 'Building Nigeria's response to climate change' said that the impact of climate change could be serious and devastating. This is because some stable ecosystems in Nigeria such as the Sahel Savanna may become vulnerable, as global warming tends to reinforce existing patterns of water scarcity, while increasing the risks of drought in Nigeria and other West African countries.
Persistent droughts and flooding, off season rains and dry spells have sent growing seasons out of orbit. Alarm bells are ringing with lakes drying up and a reduction in river flow in the arid and semi arid region. The result is fewer water supplies for use in agriculture, hydro power generation and other uses. Droughts are getting worse and climate uncertainty is growing.
Climate change is an unprecedented threat to food security. Arid and semi-arid areas in northern Nigeria are becoming drier, while the southern part of the country are getting wetter. The impact of the change will be difficult to handle and it will be potentially very long lasting. Currently, there is an increasing incidence of disease, declining agricultural productivity, and a rising number of heat waves (Stringer et al., 2009) . Declining rainfall in already desert-prone areas in northern Nigeria is causing increasing desertification and people in the coastal areas who used to depend on fishing have seen their livelihoods destroyed by the rising waters.
Method of study
A study of vulnerability assessment by Marta and Alexandre (2012) stated that different conceptual perspectives and analytical approaches can be pursued in the analysis of climate change vulnerability which include top-down and bottom-up approaches which frame and assess vulnerability in different ways using different methods and tools. In line with the above statement, this study employed the use of quantitative and qualitative means of data gathering techniques as well as physical observations in order to study the vulnerability of climate change to farmers', fishermen and herdsmen in Nigeria. The approach adopted was based on some aspects of indicator-based approach for vulnerability assessment by Gallopin in 1997 . Study by Chaliha et al. (2012) on climate variability and farmers' vulnerability refers to the term 'vulnerability' as commonly characterised as a function of three defining factors -exposure, sensitivity and adaptive capacity, which the study further reiterated basically concerns as coupled with human and environmental system. Therefore, these defining factors must be integrated into the vulnerability assessment irrespective of the differences that may exist in the levels or intensities of the three components (IPCC, 2001) . And it also requires a framework for selecting indicator criteria that characterise the vulnerability of the coupled human-environment system. Indicators are commonly used to monitor trends on regional and national scales and, should not be confounded with a method that seeks to inform stakeholders of a place-base specific reaction in response to climate change impacts (IFPRI, 2008) . Therefore, it is important to explain existing local knowledge bases for any existing adaptation strategies within a society/community as part of the assessment of adaptive capacity and stakeholder interests play important roles in vulnerability assessment.
Field work was carried out and 200 semi-structured questionnaires were administered to fishermen and farmers and discussion with five community focus groups (Table 1) . Questionnaires were not administered to herdsmen because in Nigeria, herdsmen are nomadic therefore they were not stationed. Thus, the study examines the possible conflict that might arise between farmers and the herdsmen during the migration/movement of the herdsmen within the farmer's farmland as there were no grazing routes and reserves for them to adhere. Table 1 No. of respondents/groups interviewed
Types of respondents No. of respondents/groups
Farmers 100
Fishermen 100
Community focus groups 5
The following research questions were integrated in the administration of the questionnaire to the respondents and the discussion with the community focus group:
1 What climatic changes have they experienced in the areas under cultivation?
2 To what extent are the fishermen and farmers aware of the variations taking place in climatic patterns?
4 What measures are being taken by these fishermen and farmers to adapt to the impact of climate change?
Results and discussion
The results of this study are presented in Table 2 . 97% of the crop farmers stated that there have been changes in the climatic conditions while only 83% of the fish farmers interviewed noted the changes in the prevailing weather conditions. Majority of the crop farmers affirmed to have come about their knowledge of climate change through research institutes. Quite a number of respondents' also stated to know this through personal observation and through their various cooperative societies. The fish farmers on the other hand confirmed to have their cooperative societies as the source of their information on trends in climatic patterns. This indicates that knowledge about changing climatic conditions is well circulated among the various groups of farmers. Furthermore, the majority of crop farmers, with a 51% majority acknowledged to have been noticing the changes for up to 15 years, while 28% only noticed this within the last five years. This however could be attributable to their years of experience in crop farming as the majority of the crop farmers had been cultivating crops for more than 15 years and so have had ample opportunity to observe the trends in climate and acquire relevant information that is required to have their crops thrive. However, it is also worth of note that those who started cultivation within the last five years have also observed changes in climatic trends. This is an indication to the tremendous amount of changes that have occurred within a short period of time, revealing therefore, that climate change is on the increase. While 64% of fishermen have acknowledged that, they have been noticing changes during the raining season especially rise in rivers and streams waters and also drying up of some ponds and streams during the dry season while 36% feels is just a normal routine in climate.
44%, majorities of the farmers attributed their understanding of changes in climate to changes in rainfall and temperature patterns. It is quite understandable that this will be the most noticeable attributes they observe since these are the factors that most directly affect the production of crops. Over 80% of the crop farmers acknowledge that they have been experiencing increased temperatures in recent times while only 55% of fishermen attributed their changes as a result of temperature and rainfall.
It was revealed through discussion with the crop farmers that there has been more than 50% reduction in their crop production. Fish farmers on the other hand were indifferent as to the effect that climate has had on the volume of production of fish. They however, noted that climate influences their farming seasons. This study revealed that the people had noticed a variety of changes in climatic conditions especially in rainfall patterns. It also revealed that the respondents had heard of the term climate change but did not however realise that it was a global phenomenon and thought it a local occurrence. It was further revealed that the media had very little to do with the dissemination of information as touching climate change matters. Majority of the respondents had access to various means of mass media and therefore, the media need to play a more active role in propagating climate change matters.
Respondents' reported both negative and positive impacts of climate changes on their lives. However, the majority of the reported impacts were negative, chief among which is reduction in the crop and fish production. There has been a tremendous reduction in harvest output but not much change in the fish production. This has led to changes in the standard of living of most of the people because they are dependent on agriculture as their means of livelihood.
The respondents observed of excessively oppressive heat during the dry season. This leads to increased occurrence of pests and diseases which damage their crops and harvests and as well affects the lives of the locals. One major observation was the very low involvement of government authorities in contribution to the knowledge of the people as touching climate change phenomenon and therefore, no clear cut policies or plans that touch the lives of these locals were in place as at the time this study was carried out.
Climate change vulnerability to farmers in Nigeria
Nigerian farmers are exposed to both gradual climate change (e.g., temperature and precipitation) and extreme climate change (e.g., drought and flood). Exposure affects sensitivity, which means that exposure to higher frequencies and intensities of climate risk highly affects outcome (e.g., yield, income, health). Exposure is also linked to adaptive capacity. For instance, higher adaptive capacity reduces the potential damage from higher exposure (i.e., socio-economic vulnerability) and results to lower sensitivity (biophysical vulnerability). Thus, sensitivity and adaptive capacity are also linked and add up to total vulnerability (Bates et al., 2008) .
Several studies have predicted climate change to have huge impacts on rural farmers in developing countries like Nigeria, as small-scale farmers are particularly vulnerable to climatic stresses and shocks. Agroforestry, or the use of trees in the cropping system to improve farm productivity, has been put forth as a potential strategy to improve farmers' ability to adapt to future climate changes. This study observed that the most effective way to cope with future climate variation and shocks will be to improve general livelihoods through increasing farm productivity and enhancing non-farm incomes and the study further noted that agroforestry practices have the potential to help farmers adapt to climate change through improving general household wellbeing in rural Nigeria and the need to stress the importance of location-specific evaluations of effective development strategies and the need for enhanced community participation in development practices.
Climate change vulnerability to fishermen
As global average temperature increases, rainfall patterns changes, extreme weather events become severe, sea level rises. Thus, this leads to environmental changes and this will directly affect fishery production and with significant impact on food security along many pathways. Fish reproduction, growth and migration patterns are all affected by temperature, rainfall and hydrology (Ficke et al., 2007) . Therefore, changes in these parameters will shift patterns of species abundance and availability. As recently occurs in some part of Nigeria, changes in precipitation has affects seasonal flooding patterns and drives inland fish production in some areas and drier dry seasons may threaten stocks of both wild and cultured fish.
However, extreme weather events could further harm fish production in Nigeria by causing loss of aquaculture stock and destroying fishing and aquaculture infrastructure. Changes in fishery production are likely to have the greatest impact on people who depend on fishing as their primary livelihood activity, for example, the rural communities of riverine areas and coastal communities. As these people are often poorer and more marginal than those who own land and have other primary sources of income, the effects of climate change on fisheries will harm those least equipped to cope (Johnston et al., 2009 ). The International Panel on Climate Change (IPCC) has examined the implications of projected climate change for fishery production. Overall, it concludes that the sector is vulnerable to and has the potential to be strongly impacted by climate change (Bates et al., 2008) .
Climate change conflict between farmers and herdsmen
The nexus between climate change and conflict in Nigeria is enormous, and findings shows that the immediate cause of Fulani-herdsmen and farmer's conflict in northern Nigeria is natural resource scarcity that the remote cause is climate change which has through drought and desertification led to the worsening incidence of natural resource scarcity and worsen conflict between the two especially as farmers moves from the arid zone savannah of northern Nigeria to the Guinea savannah of central state (Figure 2 ). However, as climate change is a contemporary issues and a gradual process in temperature, the government of Nigeria should to put more machinery on ground particularly in the north because over 70% of the nation's food crop comes from the zone by encouraging climate change mitigation and adaptation measures. Currently, heat waves and less rain, as well as drought and desertification as presently experienced in the north and have implications for climate conflict as recently occurring in Benue, Nasarawa and Plateau states of Nigeria.
Figure 2 Model of climate conflict
Source: Adapted from Odoh (2012) Most communal clashes in the country today are actually struggle over either the control of land or mineral resources or both. In the northern and middle parts of the country, the cereal-productive Sudan Savannah ecology is transiting to pure Sahel and the influence of the Sahara is increasing southwards. In the same vein, the root and tuber productive ecology of the Guinea Savannah is giving way to Sudan Savannah grassland. The predominant Fulani herdsman of the lower Sahel and Sudan Savannah ecologies is now moving south to the north central states within the Guinea Savannah and Forest belt of the South to find greener pasture for his herds.
Today, in Nigeria, environmental refugees is on the increase, and migrating people as a result of soil erosion, desertification, water shortages or the rise in sea level, now face such desperate living conditions that they can no longer continue in their original homes. Moreover, millions of people are fleeing temporarily from weather-related catastrophes such as droughts, floods and devastating storms. At the rate of which things are, the environmental refugees will look for other places to live, in the middle belt region of Nigeria, this situation creates a very serious potential for conflict. In some regions and conflict situations, there could even be violent clashes over habitable land and natural resources such as freshwater.
Farmers and fishermen adaptation to climate change
Adaptation to climate change refers to adjustment in natural or human systems in response to actual or expected climatic stimuli or their effects, which moderates harm of exploits beneficial opportunities (IPCC, 2001) . Common adaptation methods in agriculture include use of new crop varieties and livestock species that are better suited to drier conditions, irrigation, crop diversification, adoption of mixed crop and livestock farming systems, and changing planting dates (Bradshaw et al., 2004; Kurukulasuriya and Mendelson, 2008; Nhemanchena and Hassan, 2007) . The locals here however, are burdened under the weight of declining climatic conditions, poor agricultural yield and its effect on their standard of living due to inadequate understanding and conceptualisation of the challenges at hand and the measures that can be employed in adapting to them. Building fisher communities' capacity to adapt to these more immediate changes goes hand-in-hand with improving their capacity to adapt to climate change. A far-reaching strategy to improve adaptive capacity and strengthen resilience promises to reduce poverty and enhance food production now and in the years to come.
Conclusions
Climate change has been revealed to have several aspects to it besides physical. There is a social, cultural and economic aspect to climate change. Only the affected people especially the fishermen, farmers and herdsmen can explain how the changes in climate are made manifest. The observations made here can serve as a pointer into other areas that has been overlooked by scientific researchers. So also, the perception of people to climate change influences their response to it. This could also serve as a platform for policies geared towards mitigation to be to be designed at different levels of government. There is also need for proper enlightenment of the vulnerable people in climate change matters and adaptation measures and improving the development of country farmers' income as one of the most effective ways to reducing their vulnerability to climate change. It has been established that, fishermen and farmers are among the most vulnerable to climate variability, therefore, agroforestry, or the intentional use of trees in the cropping system, is a potential strategy to help farmers reduce their vulnerability to climate-related hazards and sustainable fish farming with adaptive strategies will also minimises the vulnerability of fishermen to climate disasters. However, Adger et al. (2005) also highlight the need to facilitate adaptation strategies among individuals and not solely rely on individual autonomy to make the most effective decision in vulnerability measures and adaptive strategies.
